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overview of the use of continuous relative phase in sport and health science before 48 comparing the approaches that have been taken in the literature for its calculation.
49
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We demonstrate the prominent procedures in the literature using synthetic and em- following two subsections we describe these methods in detail. 
Phase Portraits
62
Studies of human movement coordination are often grounded in dynamical 63 systems theory; therefore, system components can be assigned to a phase space in 64 which each state of the dynamical system is described by certain properties. Per-
65
taining to continuous relative phase analyses, the phase space usually consists of 66 the measured (time dependent) signal x(t) and its velocityẋ(t), the first derivative 67 of the signal. The measured signal used in phase portraits is most often a segment 68 or joint angle, although others have used higher derivatives to construct the phase 69 space (Wagenaar & van Emmerik, 2000) . To calculate the phase angle, frequency 70 effects of the phase portrait on the phase angle are reduced by normalization meth-71 ods.
72
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Before introducing normalization methods we should first distinguish between 
where ω denotes the frequency, ψ denotes a constant shift along the x-axis, A is a 
82
In order to analyze a sinusoidal signal, Fuchs et al. (1996) showed that the 83 phase portrait should be normalized so that the resulting trajectory in phase space 84 is circular and centered around the origin of the phase space. To achieve the cir-85 cularity they showed that theẋ(t) axis of the signals should be normalized by 86 multiplying theẋ(t) axis by the factor 1 ω : the inverse of the signal's frequency.
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ence the calculation of φ 95 φ = arctan ẋ(t) x(t) 96 = arctan ω A cos(ω t + ψ) 
This function transforms the original values y(t) in such a way that the minimum 112 value of g(y(t)) equals -1 and the maximum value of g(y(t)) equals 1. Here the 
Finally, the continuous relative phase, crp(t i ), at time t i between two signals x 1 (t)
130
and x 2 (t) is calculated as
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The Hilbert transform
135
Phase angles can also be calculated based on a measured signal x(t) and its
136
Hilbert transform H(t) = H(x(t)). The Hilbert transform allows the transforma-137 tion of any real signal into a complex, analytic signal ζ (t) Gabor (1946) defined
where the Hilbert transform H(t) of x(t) serves as the imaginary part of the an- 
The continuous relative phase crp(t) between two signals x 1 (t) and x 2 (t) can 
148 149 where H 1 (t) and H 2 (t) denote the Hilbert transform of each signal, respectively.
150
In the next section we demonstrate with simulated data as well as kinematic 151 1 In general, the Hilbert transform is considered a convolution of a function (signal) in the time domain. The Hilbert transform needs to be defined using the Cauchy principle value so that the integral converges and thus exists. As an integral, the Hilbert transform can be solved in the time domain. There are many methods for calculating the Hilbert transform; many software applications, such as MATLAB, calculate the Hilbert transform in the frequency domain using the (Fast) Fourier transform and its inverse. 
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Here we compare continuous relative phase calculations between two sinu- 
Example 4: two non-sinusoidal signals
223
This example is based on non-sinusoidal data which are represented by the 
and eventually calculating the analytic signal using the Hilbert transform based on 261 x centered (t).
262
The resulting analytic signal will have the same imaginary component, which 
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
is determined by the Hilbert transform, as that of the raw data since
264
H(x(t) + c) = H(x(t)),
where c denotes a constant shift of the signal's amplitude (see appendix Appendix (Fig. 4, bottom left) . 
Discussion
268
The purpose of this paper was to review applications of continuous relative creasing or decreasing depending on the frequency difference (Fig. 2) . There can 
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
428
Yet to be discussed is the interpretation of the continuous relative phase using the 
483
Applying the methods in this paper to other types of human movement data 484 was out of the scope of this paper, but we will highlight one particular point of 
Conclusions
498
In this paper we identified and compared commonly reported methods for cal- Hilbert transform in all test cases gave the intuitive answer. We therefore suggest shift of the amplitude of x(t).
